We investigated the effect of free radical scavengers on the actions of cytokines on islet cells. Interferon Recent studies have suggested that free radicals may play a role in the cytotoxic actions of cytokines (13) (14) (15) . In several tumor cells and fibroblast cell lines and were reported to reduce intracellular NAD levels. Therefore, cytokine-induced islet cell damage may be associated with the reduction of NAD content of islet cells.
Histological hallmarks of type 1 (insulin-dependent) diabetes are mononuclear cell infiltration in pancreatic islets and marked reduction of /3-cells. Major histocompatibility complex (MHC) class I antigens are overexpressed on islet cells, and the ectopic expression of class II antigens is observed on remaining /?-ceIls (1) (2) (3) . Class II antigens are induced in vitro on islet cells by synergistic interaction between interferon-y (IFN-y) and tumor necrosis factor-a (TNF-a) or TNF-/Î (4) . It was also shown that islet cell monolayers (5, 6) and cultured whole islets (7) are destroyed when exposed to JEN-)' and TNF-a for several days. Interleukin-l (IL-1) is another cytokine that is cytotoxic to islet cells (8) . Hence cytokines not only enhance autoimmune responses to /J-cells through the augmentation of MHC antigens, but also directly damage islet cells. Although these observa¬ tions suggest the involvement of the cytokines in the pathogenesis of type 1 diabetes, the precise mechanism of action is still unclear.
The diabetogenic action of streptozotocin (STZ) and alloxan (ALX) is accompanied by nicotinamide adenine dinucleotide (NAD) depletion (9) (10) (11) (12) . Okamoto et al. (10, 11) Recent studies have suggested that free radicals may play a role in the cytotoxic actions of cytokines (13) (14) (15) (Fig. 2) . IFN-y alone of 2 x 10s U/l did not lower NAD levels, but potentiated NAD reduction in combination with 2 x 10s U/l of TNFa. The NAD reduction was most marked (~40%) when islet cells were exposed to both 4 x ICP U/I of IFN-y and 4 xlO5 U/l of TNF-a.
Effects of free radical scavengers were assessed on the NAD reduction by 24 (Fig. 3) . On the contrary, dimethyl urea (10 and 40 mmol/1) and dimethyl sulfox¬ ide (50 and 100 mmol/1) significantly inhibited cytokine-induced NAD reduction. antigens. The surface expression of class I molecules was augmented by either 2 x 104 U/l of IFN-y or 2 x 104 U/l of TNF-a. Dimethyl urea (40 mmol/1) showed no effect on the augmentation of H-2D antigen expression by either of the cytokines (Fig. 6 ).
Discussion
It has been shown that diabetogenic action of ALX is associated with NAD depletion in islet cells, and free oxygen radical scavengers including SOD and dimethyl urea protect ¿S-cells from ALX (11, (19) (20) (21) (22) . STZ also lowers the NAD content, although conflicting results have been obtained regarding the involvement of free radicals (23) (24) (25) . The present study showed that exposure to TNF-a and/or IFN-y resulted in the reduction of intracellular NAD levels of islet cells; the reduction began to occur between 1 and 6 h after the addition of the cytokines preceding MHC antigen induction and islet cell damage. Prevention of the NAD reduction by dimethyl urea and dimethyl sulfoxide, both of which are hydroxyl radical scavengers, suggests that hydroxyl radicals may be involved in the cytokine action.
To assess association between NAD reduction and islet cell destruction, we next examined the effect of dimethyl urea and dimethyl sulfoxide on cytokine-induced islet cell damage. Protective effect of the hydroxyl radical scavengers on islet cell destruction induced by IFN-y and TNF-a is in accord with a report by Sumoski et dysfunction in IDDM. ADP-ribosylation is a possible mechanism of NAD decrease, since TNF-mediated cyto¬ toxicity to L929 fibroblasts was reported to involve ADPribosylation (17) . It was shown that dimethyl urea weakly protects islet cells from short-term effects of IL-1 (27) , although long-term effects were not attenuated by dimethyl urea (28) .
Inefficiency of SOD, catalase and mannitol may be explained by their inpenetrability. Free oxygen radicals may be generated in cytoplasm of islet cells exposed to cytokines, probably from arachidonate metabolism (13) 
